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BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates generally to the field of loudspeaker 

design and specifically to the design of more efficient loudspeakers for long- 
term outdoor use. 

Background of the Invention 

[0002] As loudspeakers designed for outdoor use have become more popular 

the demand for improved performance for this application has also increased. 
A particular problem for loudspeakers used outdoors is reproduction of 
adequate quantity and quality of low frequency sounds. For indoor 
applications, the enclosed nature of the room where the loudspeaker is located 
contributes to increased low frequency response and efficiency, known as 
"room gain". In contrast, outdoor applications do not have the benefit of any 
such "room gain" at low frequencies and are, therefore, disadvantaged in 
regard to both low frequency response and efficiency. Furthermore, for 
indoor applications, one of the most common techniques to obtain greater low 
frequency efficiency is the use of a ported enclosure. Those skilled in the art 
will confirm that that the use of a port or vent, sometimes also referred to as a 
duct, in a loudspeaker enclosure can produce significant gains in efficiency at 
low frequencies as compared to a sealed enclosure. However, this technique is 
rarely used in loudspeakers designed for long-term outdoor use due to the need 
for weather resistance in a variety of orientations and the need to keep debris, 
insects and other vermin from entering the loudspeaker enclosure. 
Occasionally, ports are used in outdoor loudspeakers with a screen or mesh 
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covering the port opening. However, while effective in preventing debris and 
insects from entering the enclosure, this approach does little to keep out water 
and substantially diminishes performance due to the turbulence and loss 
generated by the screen. In general, loudspeakers designed for long-term 
outdoor use employ sealed enclosures which typically offer lower efficiency at 
low frequencies and further reduce the ability of such outdoor loudspeakers to 
reproduce adequate quantity and quality of low frequency sounds. 

Therefore, needed in the art is a porting structure which is sufficiently 
resistant to intrusion by water, debris, insects and other vermin so as to be 
acceptable for most outdoor applications regardless of the orientation of the 
loudspeaker system and the port structure while still being compact, efficient 
and reducing turbulence and loss. 

SUMMARY OF THE INVENTION 

Accordingly, provided herein is loudspeaker system having an enclosure 
having at least one port or duct for tuning the low frequency performance of 
said loudspeaker system, the port extending at least in part outside of the 
enclosure. Further, the port has a predetermined internal cross-sectional area, 
a first external cross-sectional area, near the outermost end of said duct and a 
second external cross-sectional area between the first external cross-sectional 
area and the enclosure such that the first external cross-sectional area is larger 
than the second external cross-sectional area. The port also includes a port 
cover for covering the outermost opening of said port, wherein the port cover 
is more or less cup-shaped so as to fit over and overlap the outermost end of 
the port. Further, the port cover is dimensioned and supported such that a 
minimum distance is maintained between the internal surface of the port cover 
and the exterior of the port approximately equal to one-half of the radius of a 
circle having an area equal to the predetermined internal cross-sectional area 
of the port. The port cover is also dimensioned and supported such that the 
minimum distance between the nearest edge of the port cover and the wall of 
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the enclosure averages no less than the minimum distance around the 
perimeter of the port cover such that the total cross-sectional area of the 
opening created between the port cover and the enclosure is substantially 
greater than the predetermined internal cross-sectional area of the port. 
Finally, the system is arranged such that any line drawn directly from a 
tangent point on the outer most end of the port through a tangent point on the 
edge of the port cover nearest the enclosure intersects with some solid part of 
the loudspeaker system. 



BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES 



[0004] FIG. 1 illustrates a cross-sectional side view of a conventional ported 

loudspeaker. 

[0005] FIG. 2 illustrates a cross-sectional side view of a loudspeaker having a 

port with reduced turbulence. 
[0006] FIG. 3 illustrates a cross-sectional side view of a loudspeaker having a 

weather resistant port according to the present invention. 
[0007] FIG. 3a illustrates a perspective, exploded view of the loudspeaker of 

FIG. 3. 

[0008] FIG. 3b illustrates a cross-sectional side view of a second embodiment 

of a loudspeaker having a weather resistant port according to the present 
invention. 

[0009] FIG. 4 illustrates a cross-sectional side view of a third embodiment of 

a loudspeaker having a weather resistant port according to the present 
invention. 

[0010] FIG. 5 illustrates a cross-sectional side view of a fourth embodiment of 

a loudspeaker having a weather resistant port according to the present 
invention. 
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[0011] FIG. 6 illustrates a perspective, partially exploded view of the 

loudspeaker of FIG. 5. 
[0012] FIG. 7 illustrates a cross-sectional side view of a fifth embodiment of a 

loudspeaker having a weather resistant port according to the present invention. 
[0013] FIG. 8 illustrates a perspective, partially exploded view of the 

loudspeaker of FIG. 7. 



DETAILED DESCRIPTION OF THE INVENTION 



[0014] FIG. 1 shows a conventional loudspeaker system incorporating an 

enclosure 101, a transducer 102, and a conventional port tube 103 having an 
exterior opening 104. The function of port tube 103 in tuning the low 
frequency response of the loudspeaker system to achieve greater efficiency in 
the reproduction of low frequencies is well understood by those skilled in the 
art. In general, a larger acoustic mass of air contained within port tube 103 
contributes to a lower tuning frequency for the loudspeaker system. The 
acoustic mass of the air contained within port tube 103 is proportional to the 
length of port tube 103 and inversely proportional to the cross-sectional area 
of port tube 103. Therefore, as is well-known to those skilled in the art, a port 
tube of smaller diameter will have a greater acoustic mass than a port tube of 
larger diameter and having the same length. However, turbulence resulting 
from the air moving rapidly through port tubes such as port tube 103 can 
produce audible distortion in the form of "chuffing", and loss of efficiency at 
low frequency. As is also well-understood by those skilled in the art, port 
tubes such as port tube 103 having a smaller cross-sectional area generally 
produce audible distortion and loss at lower sound output levels than ports 
having a larger cross-sectional area. Therefore, while it is desirable to use a 
port tube with a smaller cross-sectional area to achieve a lower tuning 
frequency, a port tube having a larger cross-sectional area is desirable for 
achieving low frequency reproduction with high efficiency and low distortion. 
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[0015] Using a porting structure such as is shown in FIG. 1 would be 

inadvisable in outdoor applications due to the likelihood of water entering 
loudspeaker enclosure 101, through an exterior opening 104 and port tube 103 
if the loudspeaker system were oriented with exterior opening 104 pointing 
even slightly upward. Also, debris, insects or other vermin may enter 
loudspeaker enclosure 101 regardless of orientation. 

[0016] FIG. 2 shows an improved porting method according to the teachings 

of U.S. Patent Numbers 5,517,573 and 5,809,154, each of which are 
incorporated herein in their entirety by reference thereto. As shown in FIG. 2, 
an exterior opening 204 is blocked by a disk 205, thereby providing a port 
structure with an increasing cross-sectional area at the end outside of an 
enclosure 201 for the purpose of reducing turbulence and loss. A flow guide 
206 is incorporated to further reduce turbulence and loss. However, in spite 
of disk 205 blocking exterior opening 204, this configuration is unacceptable 
for outdoor applications due to the likelihood of water entering the port 
structure through an exterior opening 207 around the perimeter of disk 205, 
thereby entering a loudspeaker enclosure 201 via a port tube 203 for any 
upward orientation of disk 205. As compared with the structure shown in 
FIG. 1, the potential for other detritus to enter enclosure 201 through the port 
structure is slightly reduced but still possible. 

[0017] Referring to FIGS. 3 and 3a, a first embodiment of the present 

invention is shown. According to this first embodiment, a port tube 308 
extends outwardly from an enclosure 301. A port tube opening 310 is covered 
by a port cover 309 which incorporates a flow guide 306 for reduced 
turbulence as disclosed in U.S. Patent Numbers 5,517,573 and 5,809,154. 
Mounting bosses 309a, which are small compared to the perimeter of port 
cover 309 are used to support port cover 309. The dimensions of port cover 
309 are chosen such that the total cross-sectional area of an exterior opening 
311 around the perimeter of port cover 309 is significantly greater than the 
cross-sectional area of port tube opening 310. As is well understood by those 
skilled in the art a port structure with a large cross-sectional area at its 
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outeimost end serves to reduce turbulence and loss. The dimensions of port 
cover 309 are also chosen such that any straight line drawn directly from a 
tangent point on an outer end 312 of port tube 308 through a tangent point on a 
perimeter edge 313 of port cover 309 intersects some solid part of enclosure 
301 as shown for the purposes of example by phantom dashed line 3 14. This 
serves to prevent rain from entering enclosure 301 from above by passing 
directly through exterior opening 311 and past outer end 312 of port tube 308 
regardless of the mounting angle or orientation of the loudspeaker system and 
port structure. The dimensions of port tube 308 are chosen such that a first 
outside diameter D2 located towards the point where port tube 308 joins the 
wall of enclosure 301 is sufficiently smaller than a second outside diameter D3 
located near outer end 312 of port tube 308 so as to permit water entering 
exterior opening 311 from above to drain around port tube 308 and out 
exterior opening 311 on the lower side without flowing over outer end 312 of 
port tube 308 into enclosure 301. This arrangement is effective for a 
difference between first outside diameter D2 and second outside diameter D3 
as small as 8mm. 

[0018] Referring now to FIG. 3b, a second embodiment of the present 

invention is shown. A port tube 308a is of arbitrary length, and an end portion 
312a may extend past an inner surface of an enclosure 301a into an interior 
thereof. Any commonly used end treatment, for example a flange or flare, 
may be used within the scope of this invention. This embodiment is identical 
in all other respects to the first embodiment, described above. Further, the 
teachings of this embodiment may be used with any other embodiment 
described herein. 

[0019] Referring now to FIG. 4, a third embodiment of the present invention 

is shown which is similar to the first embodiment described above with respect 
to FIG. 3. According to this embodiment, the dimensions of a port cover 409 
are further determined by a port tube diameter Dl, a port cover diameter D4, 
and first, second and third port cover spacings SI, S2 and S3, respectively. In 
addition to the dimensional requirements described with respect to the first 



SKGFRef.: 1865.0890000 



1 



-7- 

embodiment, in this embodiment first port cover spacing SI is greater than or 
equal to one- fourth (1/4) port tube diameter Dl; second port cover spacing S2 
is greater than or equal to first port cover spacing SI; and the third port cover 
spacing S3 is greater than or equal to one-half (1/2) port tube diameter Dl. 
The resulting ratio of the cross-sectional area at exterior opening 411 to the 
cross-sectional area at port tube opening 410 is greater than three (3) when 
allowances are made for typical material thicknesses. 
[0020] A fourth embodiment of the present invention is shown in FIG. 5. This 

embodiment is similar to the previous embodiments shown in FIGS 3, 3a, 3b 
and 4. However, in an effort to make the loudspeaker system more compact 
and the port structure less subject to damage, the port structure has been 
recessed into a rear wall of an enclosure 501 by creating a recessed area 515. 
This allows a port cover 509 to be recessed flush with the rear wall of 
enclosure 501. However, with certain mounting orientations, recessed area 
515 may fill with water ultimately allowing water to enter enclosure 501 or 
causing the port to function improperly. As such, four slots 617, shown in 
FIG. 6, provide a path for water entering recessed area 515 to drain away from 
the port structure. 

[0021] A fifth embodiment of the present invention, similar to the fourth 

embodiment, described above, is shown in FIGS. 7 and 8. In order to prevent 
debris, insects and other vermin from entering loudspeaker enclosure 701, a 
screen 716 is added to the structure of the previous embodiment so as to 
completely cover an exterior opening 711 around the entire perimeter of a port 
cover 709. As mentioned previously, the high velocity of air moving through 
a conventional port makes the use of a screen impractical due the resulting 
turbulence and loss. However, one of the advantages of the present invention 
is the increase in cross-sectional area from a port tube opening 710 to exterior 
opening 711 where screen 716 is installed. When the dimensions of this 
embodiment are chosen in accordance with the requirements of the second 
embodiment, the resulting cross-sectional area at exterior opening 711 is more 
than three (3) times greater than the cross-sectional area at port tube opening 
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710, thereby reducing the velocity of air at exterior opening 711 and also 
reducing the amount of turbulence and loss resulting from the use of screen 
716. 

[0022] For the purposes of example only, the following approximate 

dimensions may be used for this embodiment: 

Dl=28mm SI - 14mm 

D2 = 41mm S2 = 17mm 

D3 = 56mm S3 = 14mm 

D4 = 90mm 

These dimensions yield a ratio of the cross-sectional area at exterior opening 
71 1 to the cross-sectional area of port tube opening 710 of approximately 6.40. 
Also in this embodiment, screen 716 has an open area ratio of approximately 
35% open to 65% closed. 
[0023] While various embodiments of the present invention have been 

described above, it should be understood that they have been presented by way 
of example only, and not limitation. It will be apparent to persons skilled in 
the relevant art that various changes in form and detail can be made therein 
without departing from the spirit and scope of the invention. Thus, the breadth 
and scope of the present invention should not be limited by any of the above- 
described exemplary embodiments, but should be defined only in accordance 
with the following claims and their equivalents. All patents and publications 
discussed herein are incorporated in their entirety by reference thereto. 
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